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The main protaganists

Sir Isaac Newton (1642–1727): Foundations of
classical mechanics, developed the calculus,
gravitation, optics.

Leonhard Euler (1707 – 1783): Swiss
mathematician and physicist, developed the
equations governing inviscid flow.

Claude-Louis Navier (1785 – 1836) & Sir
George Stokes (1819–1903): Estabilshed the
fundamental equations for viscous fluids, now
called the Navier-Stokes equations.



What do we mean by a fluid?

I Any substance that continually deforms.

I So we talk of liquids, gases and plasmas as fluids.

I We characterise the properties of the fluid through a few key
quantaties.

I ρ – density (mass/volume),

I ν – viscosity, a fluids resistance to deformation (how ‘sticky’
the fluid is).

I P – pressure, creating a pressure difference causes fluids to
flow (motion).

I ~u – velocity, 3D vector field.



Why do we care?

Fluid effects on planet Earth



Why do we care?

Astrophysical fluids



Whats the problem?

Newton’s second law,
d(m~u)

dt
= ~F .

Applied to a fluid – ∇ = (∂x , ∂y , ∂z)T ,

ρ
D~u

Dt
= −∇P + ρν∇2~u + ~f ,

D~u

Dt
=
∂~u

∂t
+ (~u · ∇)~u

In 1D (~u → u(x , t))

∂u

∂t
+ u

∂u

∂x︸ ︷︷ ︸
inertia

= −1

ρ

∂P

∂x︸ ︷︷ ︸
pressure force

+ ν
∂2u

∂x2︸ ︷︷ ︸
viscous force

+ F (x , t)︸ ︷︷ ︸
external forces



Whats the problem?

I Appart from a few simple cases no general solution to the
Navier-Stokes equations has been found.

I Infact no one has yet even been able to prove that a solution
exists!

I In the meantime we resort to solving the equations on a
computer using numerical approximations.

I The problem is that even with the most expensive
supercomputers in the world, we would struggle to simulate
the flow of water when you brush your teeth!


